tion causing FA is an expanded GAA repeat in the gene encoding the frataxin protein [6] . Ninety-six percent of patients are homozygous for GAA expansion. Frataxin point mutations have been found in the remaining patients who are heterozygous for the expanded allele [7] .
The phenotypic features of patients harboring point mutations may include classical symptomatology or may differ from classic FA [7, 8] .
We report on 2 siblings with atypical clinical presentation during the first years of the disease, which caused initial clinical confusion and a delay in making a correct diagnosis.
Molecular testing demonstrated that both patients are compound heterozygous for GAA expansion and have a novel point mutation (c.165 + 1 G ] A) which involves the consensus GT dinucleotide in the 3 splice acceptor site of intron 1 of the frataxin gene.
Case Report

Patient 1 (IV-3)
The patient, a 20-year-old woman from southern Italy, was referred to our institute at the age of 14 years due to difficulty in walking. She is the third-born child of unrelated, healthy parents. At the time, she had a healthy 23-year-old brother and anDear Sir, Friedreich's ataxia (FA) is the most common autosomal recessive ataxia; a recent European epidemiological study estimated the disease incidence at 1 in 29,000 individuals [1] .
Disease onset usually occurs between the first and second decade of life and is characterized by progressive limb and truncal ataxia and loss of deep tendon reflexes. Afterwards, dysarthria, Babinski sign and loss of vibration and joint position sense are frequently present. Hypertrophic cardiomyopathy, skeletal deformities (scoliosis, pes cavus and hammer toe), diabetes mellitus, optic atrophy, nystagmus and sensorineural deafness may also be associated [1, 2] .
Mild abnormalities of motor nerve conduction velocity and reduced or absent sensory compound action potential amplitudes are frequently observed [3] .
The clinical course is progressive with loss of deambulation after an average of 15 years from the onset of symptoms. Clinical diagnosis may be complicated by phenotypic variability, and differential diagnosis includes Charcot-Marie-Tooth disease, autosomal dominant spinocerebellar ataxia [4] and ataxia with isolated vitamin E deficit, a rare autosomal recessive neurodegenerative disease caused by mutations in the ␣ -tocopherol transfer protein gene which is responsive to vitamin E supplementation [5] . The most common muta-other 25-year-old brother who had a great deal of difficulty in walking, though more detail was not available.
The patient had normal motor milestones; then, at the age of 7 years, she presented progressive difficulty in walking, and pes cavus was noticed.
Her first neurological examination was performed at 14 years of age and showed normal mental status and language function; however, distal muscle weakness and atrophy of all 4 limbs, which was more pronounced in the lower extremities, pes cavus with foot drop and bilateral Achilles tendon retraction, areflexia, absent plantar response without Babinski sign and steppage gait were observed; vibration and joint position sense was reduced. Extraocular movements were full without nystagmus, and optic disks were normal.
Electrophysiological investigation was performed at the age of 14 years with the use of surface electrodes. The patient's skin temperature was at least 32 ° C during the testing which revealed low amplitude of both the compound muscle action potentials, as measured peak to peak of the median and common peroneal nerves with a mild reduction in motor nerve conduction velocities (MNCVs), as well as the absence of sensory action potentials of the median nerves. Somatosensory short-latency-evoked potentials showed marked attenuation and latency delay for N13, N19 At the age of 15 years, she underwent surgery for foot deformity.
A sural nerve biopsy was obtained at mid-calf under local anesthesia. Nerve specimens were fixed in glutaraldehyde 2.5% in cacodylate buffer 0.025 molar and processed by light and electron microscopy.
The sural nerve biopsy showed a severe loss of myelinated fibers; we found several fibers showing thinner myelin sheath compared with axon diameter, and small onion bulb formations.
The patient was initially diagnosed with peripheral neuropathy; 17p11.2 duplication/deletion was ruled out by pulsedfield gel electrophoresis analysis.
Afterwards, she developed progressive disequilibrium, and at the age of 17, she was only able to walk with external support. Diabetes and scoliosis were absent, and electrocardiography and echocardiography were within normal limits. The patient did not develop dysarthria, nystagmus or optic atrophy.
Due to the progressive ataxia and disequilibrium with loss of deambulation, a more accurate evaluation was carried out. Family history revealed the presence of a brother with severe walking disabilities, thus raising a diagnostic suspicion of neurodegenerative ataxia. Therefore, vitamin E levels were measured and found to be within the normal range. Molecular investigation for FA was also performed.
Patient 2 (IV-2)
The patient, a 31-year-old man, is the brother of patient 1 ( fig. 1 ) . He was referred to us for clinical evaluation at age 24 years in the context of the family study.
He had normal motor milestones and progressive difficulties in deambulation associated with distal weakness of the lower limbs and pes cavus starting from the age of 6 years, at which time, however, he presented no signs of cerebellar compromission.
Over the following years, he showed relevant muscle wasting, which was more pronounced in the lower limbs, and impairment of deep sensitivity. Moreover, the patient developed progressive scoliosis.
Clinical picture, electrophysiological investigation and sural nerve biopsy were performed elsewhere. Nerve biopsy revealed a 50% axonal degeneration of the nervous fibers that were examined, leading to a consequent diagnostic suspicion of axonal neuropathy, mainly of the sensitive type.
The patient was referred to us for evaluation at 24 years of age. He also developed insulin-dependent diabetes at that time.
Neurological examination revealed normal mental status and speech, relevant muscle wasting and weakness which was more pronounced in the distal lower limbs, loss of deep tendon reflexes, absent cutaneous plantar response, pes cavus and bilateral Achilles tendon retraction.
The patient presented disequilibrium in the standing position and marked ataxic gait requiring external support, though other signs of cerebellar compromission were not observed. Extraocular movements were full without nystagmus, optic disks were flat without pallor, and cardiac symptoms were absent.
We performed electrophysiological investigations that showed a mild reduction in MNCV of the median and peroneal nerves with reduced compound muscle action potential amplitude, and marked reduction in amplitude of the sensory action potential of the median nerve ( table 1 ) . Somatosensory short-latency-evoked potentials were not performed.
Brain and whole spinal MRI were unremarkable.
The marked impairment of equilibrium and gait ataxia were highly suggestive of evolutive ataxia, and the presence of insulin-dependent diabetes supported the diagnostic suspicion. Therefore, molecular analysis for FA was performed.
Genetic Study
Accurate molecular analysis for FA was performed in both siblings as described by Ciotti et al. [9] . PCR analysis of the GAA triplet repeat in frataxin intron 1 revealed that both siblings had 1 expanded allele with an estimated 1,000 triplet repeats, while the other was within the normal range, thus suggesting carrier status.
Analysis of the parents revealed that the patients' father was a carrier of 1 expanded allele (1,000 triplet repeats), whereas the mother had 2 non-expanded alleles.
This suggested a condition of compound heterozygosity in the 2 patients who have 1 expanded allele while the other allele bears a distinct mutation of the frataxin gene.
DNA sequencing in both patients revealed a single-base substitution (c.165 + 1 G ] A), located at the 3 splice acceptor site of frataxin intron 1, which destroys the invariant GT acceptor sequence. No other abnormalities were found in sequencing exons 1-5a or in the adjacent portions of intervening introns. The frataxin gene of both healthy parents was sequenced in order to confirm that this variant was on a distinct allele from the expanded repeat. The mother had the same variant, but lacked 1 expanded triplet repeat, suggest- ing that these mutations are inherited as distinct alleles. This variant was absent in 50 unrelated control individuals. We were not able to perform mRNA studies to evaluate the frataxin expression because the family was not willing to undergo further blood sampling to obtain RNA.
Discussion
Our patients presented with marked distal weakness, evident foot deformity with pes cavus and marked steppage in deambulation.
The absence of gait and/or trunk ataxia (unlike what is commonly reported in the literature) and of Babinski sign at disease onset were misleading, and the initial clinical presentation appeared to be suggestive of primary peripheral neuropathy.
Only afterwards did both patients show relevant muscle wasting, which was more pronounced in the lower limbs, impaired deep sensitivity and marked ataxic gait requiring external support, thus suggesting FA.
Electrophysiological examination revealed mild axonal alterations with mild slowing of motor nerve conduction velocity and a more marked compromission of the sensory pathways ( table 1 ), all of which were compatible with a diagnosis of FA and even with primary peripheral compromission of the nervous system. In fact, severe clinical compromission, despite only mild electrophysiological alterations, is not uncommon in peripheral polyneuropathies, which frequently do not show any direct correlation between clinical and electrophysiological phenotype.
The subsequent clinical evolution of patient 1 suggested a possible diagnosis of FA, and an accurate report of the family history allowed us to identify the patient's brother who had similar clinical signs but a more advanced and therefore more expressive stage of illness with marked ataxic gait, which is uncommon in peripheral neuropathies.
Differential diagnostic procedures were carried out in an attempt to rule out ataxia with isolated vitamin E deficit [5] , which can cause a clinical phenotype similar to FA associated with mild to moderate axonal sensory neuropathy that is usually less severe than in FA.
Finally, identifying compound heterozygosity in both siblings provided us with confirmation of the diagnosis of FA.
Various authors [10] [11] [12] [13] have reported an incidence of 2-5% of compound heterozygosity among patients affected by FA.
Expansion of the GAA repeat in the first intron of the frataxin gene is by far the most common DNA abnormality causing frataxin deficiency, possibly by interfering with gene transcription. Suppression of frataxin expression by GAA expansion is not complete and appears to be proportional to repeat length. Accordingly, expansion size in patients who are homozygous for GAA repeat expansion inversely correlates with age at onset, disease severity and the time of wheelchair confinement [12] [13] [14] [15] . Some authors even correlate larger triplet expansion with increased frequency of cardiomyopathy [12] .
The milder clinical presentation that is observed in individuals with smaller GAA repeat sizes is likely due to the higher residual levels of frataxin that are present in these patients [16, 17] .
Most of the time compound heterozygotes are clinically undistinguishable from FA patients with homozygous GAA expansions, although their clinical phenotype may vary from classical to atypical forms with different degrees of severity [8, 18] .
Atypical clinical presentation of compound heterozygosity may include absence of dysarthria, Babinski sign, limb ataxia, hypertrophic cardiomyopathy, as was observed in both our patients, and the absence of diabetes, as was the case in patient 1.
Different types of FRDA point mutations have been reported in the literature: nonsense mutations, errors of splicing or frameshift mutations that result in premature termination of translation, and missense mutations, mainly involving the highly conserved, carboxy-terminal domain.
The effects on protein translation and function may vary from mild to severe, depending on the type of mutation [7, 18] .
Despite the general genotype-phenotype correlation, it is not possible to predict the specific clinical outcome of individual cases.
We report a novel mutation (c.165 + 1 G ] A) which involves the consensus GT dinucleotide in the 3 splice donor site of intron 1, suggesting exon 2 skipping. The absence of this exon in the frataxin mRNA may be the cause of a nonfunctional protein. It is assumed that the expanded allele could contribute to the phenotype in patients who are compound heterozygotes [13] , but we are currently unable to quantify this contribution.
To our knowledge, this is the first report of FA mimicking hereditary motor SNCV = Sensory nerve conduction velocity; CAMP = compound muscle action potential; SAP = sensory action potential; n.e. = not evaluable. and sensory neuropathy (HMSN) to be genetically defined by compound heterozygosity.
In the literature, there are some reports of patients with FA presenting with clinical features of both HMSN and FA, but none of the patients have been genetically investigated [19, 20] , except for the ones reported by Panas et al. [21] . The authors describe 4 patients from 3 unrelated families presenting with clinical and electrophysiological features of HMSN. Molecular genetic analysis revealed the intronic GAA trinucleotide repeat expansion in the X25 gene on chromosome 9q13-21.1, and the patients were diagnosed with FA. Neurophysiological alterations were suggestive of demyelinating neuropathy with a marked reduction in MNCV, a finding which would exclude a diagnosis of FA according to Harding's criteria.
Our patients presented with the initial clinical features of HMSN; electrophysiological testing revealed axonal, mainly sensitive alterations, as are commonly observed in FA.
Unfortunately, sural nerve biopsies were performed in 2 different laboratories. They revealed considerable differences in the neuropathological features of the 2 siblings. In fact, patient 1 showed axonal loss and clear signs of de-and remyelination, as already reported in the literature [22, 23] , whereas her brother had axonal neuropathy. Demyelination in patient 1 may also have been secondary to axonal atrophy.
We stress that a diagnosis of FA should be taken into consideration in patients with initial clinical presentation of peripheral neuropathy with early prevalent peripheral sensitive impairment and only subsequent trunk and/or gait ataxia.
Lastly, we would like to highlight the importance of taking family history into account when attempting to make a diagnosis.
